recommendations are built on data of half a century of cardiovascular research. Coronary artery disease is more common in men. 9 Patients presenting with suspected ACS to the emergency department are almost twice as likely to be men [10] [11] [12] and women are underrepresented in these studies.
In addition, while cardiovascular mortality is declining in Western countries because of improved diagnostics and therapies, women do not profit to the same extend. 13 Furthermore, women with need for percutaneous coronary intervention showed a higher mortality risk than men. 14 A recent study suggested that the diagnostic accuracy of ACS is similar in women and men. 15 However, data have remained inconsistent and evidence from patients managed in modern chest pain units (CPU) remains scarce. In particular, the relevance of potential sex differences in outcome are not well understood.
We therefore analyzed data of 2 prospective studies of patients with signs and symptoms suggestive of ACS for sex differences in clinical presentation to the emergency department. We further developed diagnostic models to predict ACS at "first contact" (clinical variables, symptoms, risk factors, medical history) and after "complete triage" (including ECG information and biomarker results) and analyzed their diagnostic performance in both sexes. Finally, we compared outcome data on major adverse cardiovascular events and mortality in women and men.
Methods

Data Availability
The data, analytic methods, and study materials will be made available to other researchers on demand for purposes of reproducing the results or replicating the procedure.
Respective requests should be submitted to the corresponding author.
Biomarkers in Acute Cardiac Care Study Population
The BACC (Biomarkers in Acute Cardiac Care) study has been described previously. 10 Briefly, we included 1625 patients presenting to the emergency department of the University Heart Center Hamburg with suspected ACS. All patients were enrolled between July 2013 and March 2016. The inclusion criteria were suspected ACS, age > 18 years, and the ability to provide written informed consent. The BACC study was registered at https://www.clinicaltria ls.gov (unique identifier: NCT02355457).
StenoCardia Study Population
The stenoCardia study included 1818 patients with acute chest pain presenting to 3 German emergency departments (Mainz, Koblenz, Hamburg) between 2007 and 2008. The methodology, follow-up, and adjudication of outcomes have been reported in detail previously. 16 The stenoCardia study was registered at https://www.clinicaltrials.gov (unique identifier: NCT03227159). Both cohorts comply with the Declaration of Helsinki and were approved by the local Ethics Committees.
The Standard Diagnostic Approach and Adjudication of the Final Diagnosis
In both studies, a routine ECG was collected on admission by trained medical staff. ECG results were interpreted by the emergency physician and re-evaluated by a cardiologist. The diagnosis was based on all available clinical and imaging results, ECG, standard laboratory testing, including in-house cardiac troponins: In BACC, the Elecsys Roche high-sensitivity troponin T (Roche Diagnostics, Germany) was used for adjudication, in stenoCardia 2 sensitive troponin assays were used for adjudication: fourth generation Elecsys troponin T assay, (Roche Diagnostics, Germany used in Mainz and Hamburg) and the Architect STAT troponin I system (Abbott Diagnostics, Abbott Park, IL used in Koblenz). 16 The final diagnosis of all patients in both studies was made independently by 2 cardiologists. In cases of disagreement, a third cardiologist's review was obtained.
Because of methodological differences, some symptom variables were not available in both studies.
Patient Management and Follow-Up
Treatment during the index event was assessed including coronary angiography and revascularization therapy
Clinical Perspective
What Is New?
• In a large contemporary cohort of patients with suspected myocardial infarction, differences in presentation and management of women and men were observed, but intermediate term outcome was comparable.
• Diagnostic models developed with the help of different variable selection methods showed comparable diagnostic accuracy in both sexes.
What Are the Clinical Implications?
• Sex-related differences in patients with acute coronary syndrome may be addressed by standardized diagnostic algorithms as implemented in chest pain units.
• Such strategies may reduce sex differences in outcomes.
(percutaneous coronary intervention or coronary artery bypass grafting). To understand the degree of stenosis in patients with coronary artery disease we calculated the SYNTAX Score. 17 We used the SYNTAX Score I online tool (http://www.syntaxscore.com/calculator/syntaxscore/fra meset.htm, last accessed September, 21 2017). In the BACC study SYNTAX Score was only available for the first 1000 included patients. In both studies, follow-up was performed via telephone, questionnaires mailed to the participants, general practitioner and/or electronic medical records. The local registry offices were contacted to ascertain mortality and acquire death certificates. The median follow-up time in the BACC-study was 438 days, in stenoCardia 1204 days.
Study Specific Measurements
For study purposes, troponin I was measured using a high-sensitivity troponin I (hs-TnI) immunoassay (Abbott Diagnostics, ARCHITECT i1000SR). The test specific limit of detection was 1.9 ng/L (range 0-50 000 ng/L), with a 10% coefficient of variation at a concentration of 5.2 ng/ L. The intra-assay and inter-assay coefficients of variation of this assay were 4.26% and 6.29%. 18 The 99th percentile has been described at 27 ng/L in the general population.
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Statistical Analyses
Pooling of BACC and stenoCardia data sets
Individuals from the BACC cohort (N=1625) the stenoCardia cohort (N=1818) were screened. There were 923 individuals excluded because of missing values among the variables of interest, leaving 2520 patients for analyses. To understand possible selection bias, we provide clinical characteristics of patients excluded from analyses in Table S1 .
Baseline characteristics
For continuous variables quartiles are given, for binary ones frequencies. For comparison of women and men the Fisher exact test was used for binary variables and the MannWhitney test for continuous ones, respectively. ECG variables are referring to the ECG conducted on admission. Estimated glomerular filtration rate was computed following the Chronic Kidney Disease Epidemiology Collaboration (CKD EPI) formula. 20 
Logistic regressions
To examine the association of the candidate predictors with the final ACS diagnosis, logistic regressions were performed. Besides the independent variables, the models included sex, a study indicator (BACC, stenoCardia) and an interaction term between the candidate predictor and sex as covariates. Sex specific confidence intervals (and P-values) for the predictors' odds ratios were computed using the methods described in Figueiras et al.
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Generation of diagnostic models for ACS and comparison of their diagnostic performance in both sexes
With the help of least absolute shrinkage and selection operator (LASSO), 22 regression models for prediction of ACS were generated: The first model included only variables available directly on "first contact" (clinical variables, symptoms, risk factors, medical history), the second model included variables available after "complete triage" of patients (addition of ECG information and biomarker results). A cohort variable was forced into the models to adjust for differences of the 2 cohorts. The LASSO penalization parameter lambda was chosen by optimization of the mean deviance in 10-fold cross-validation. The chosen penalization parameter was the largest lambda within one standard error of the minimum. Receiver operating characteristics (ROC) curves and area under the curve (AUC) estimates were corrected for overoptimism using bootstrapping with 500 iterations. An analysis flowchart illustrating the pooling of both cohorts and performance of the LASSO analysis is provided in Figure S1 ). A detailed description of the LASSO method is provided in Data S1.
To compare the LASSO generated models with an alternative variable selection procedure, variable importance according to random forest were computed. Random forest was applied to "first-contact" variables and variables after "complete triage." Each forest consisted of 1000 classification trees. The permutation variable importance measure of random forest was computed for each group of variables. Each tree was grown on a bootstrap sample of the original data set (this bootstrap sample has the same number of individuals as the original sample, but an individual may be sampled more than once). 23 
Outcome analyses
Survival curves for mortality, myocardial infarction, revascularization therapy and cardiac rehospitalization were generated using the Kaplan-Meier method. For comparison of survival curves between women and men the log-rank test was applied.
All analyses were performed using R software, version 3. Table 1) .
Characteristics were similar when we restricted analyses to patients with a final diagnosis of ACS (Table S2) . Baseline characteristics for the individual studies are available in Tables S3 and S4 .
Logistic Regression Analyses
Using logistic regression, the variables age, diabetes mellitus, dyslipidemia, history of coronary artery disease, radiating chest pain, ST-segment depression, inversion of T-wave, logarithmically transformed hs-TnI and, eGFR were associated with the final diagnosis of ACS in both sexes (Table 2 ). An interaction with sex indicating different strengths of association in women and men with the final diagnosis of ACS was observed for history of coronary artery disease with a higher odds ratio (OR) for women (OR 3.17 To understand cohort specific associations of each variable with the diagnosis of ACS by sex we performed logistic regression analyses in both cohorts individually, showing mostly similar odds ratios in both cohorts (Tables S5 and S6 ).
Development of Diagnostic Models
The variables chosen by LASSO regression and their respective ORs are given in Table 3 . For comparison, an importance selection using random forests was performed. In the "first contact" model age and a history of coronary artery disease ranked highest in the random forest. Those and most of the other top variables were chosen by the LASSO as well. For the "complete triage" model ranking of variables was also comparable to the selection by LASSO (Figures S2 and S3) .
Similar selection of variables and comparable odds ratios were observed when LASSO regression was performed in each cohort separately (Tables S7 and S8 ) Hs-TnI and heart rate were log-transformed..
Comparison of Diagnostic Accuracy in Women and Men
Application of the LASSO derived diagnostic models to both sexes individually revealed nearly identical diagnostic performance for the "first contact" model (AUC 0.68 in women versus 0.69 in men, P=0.86). The addition of variables Logistic regression models for ACS status include the predictor of interest x sex interaction. The models are adjusted for study cohort (BACC, stenoCardia). For each independent variable, a separate model was computed. CI indicates confidence interval; eGFR, estimated glomerular filtration rate; hs-TnI, high-sensitivity troponin I; NYHA, New York Heart Association; PCI, percutaneous coronary intervention.
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Journal of the American Heart Association available after "complete triage" improved diagnostic performance in both sexes (AUC 0.88 in women versus 0.85 men, P=0.13). Diagnostic performance of hs-TnI alone reached comparable results (AUC 0.85 in women versus 0.82 in men, P=0.13) to the combined model after "complete triage" (Figure 1 ).
Differences in Management of Women and Men
We observed significant differences in the management of women and men suggestive of ACS. Table 4) .
Comparison of Follow-Up Events of Women and Men
The overall study follow-up after 2 years showed no significant difference between women and men for overall death (4.97% versus 5.73%, P=0.42) or myocardial infarction (1.95% versus 2.37%, P=0.53). Revascularization was more often necessary in men (3.01% versus 7.58%, P<0.001). Rehospitalization for cardiac disease occurred more frequently in men (17.6% versus 21.1%, P=0.04) (Figure 2 ). In patients with a final diagnosis of ACS, a significant difference was observed for revascularization therapy (8.84% for women versus 14.41% for men, P=0.03) ( Figure S4 ).
Discussion
The key findings of our study are considerable differences between women and men admitted for suspected ACS in symptoms and clinical presentation. However, these did not translate into different diagnostic accuracy nor outcomes, ie, myocardial infarction or death rates after 2 years. Disease management comprised invasive procedures more frequently in men, and during follow-up, men more often needed further revascularization therapy and repeated in-hospital treatment for cardiovascular disease.
Clinical Presentation
Consistent with data of the literature, women in our pooled analysis were older than men on presentation. 1, 3 In contrast to earlier, mostly registry-based data, we did not observe a higher proportion of cardiovascular risk factors in women with suspected ACS or a final diagnosis of ACS. Elevated body mass index, dyslipidemia, smoking and a history of coronary artery disease were more prevalent in men. These results are similar to more recent data of cohorts with patients suggestive of ACS. 24, 25 The LASSO penalization parameter lambda was chosen by optimization of the mean deviance in 10-fold cross-validation. Shown are the results for the parameter 1 standard error of the minimum. A study indicator was not allowed to be dropped from the model (Inclusion in the BACC-cohort OR 1.32 for "first contact" and 2.02 for "complete triage"). Hs-TnI and heart rate were log-transformed. eGFR indicates estimated glomerular filtration rate; hs-TnI, high-sensitivity troponin I; LASSO, least absolute shrinkage and selection operator; NYHA, New York Heart Association; PCI, percutaneous coronary intervention. Previous studies suggested that women with ACS more often present with "atypical" symptoms, in particular with absence of typical chest pain. 3, 4, 26 In our analyses, the majority of both sexes had some kind of chest pain. In line with prior examinations, other "atypical" symptoms were more often observed in women (dyspnea, nausea and vomiting). It is known that women are more likely to report multiple symptoms in the case of myocardial ischemia. 27 In the overall cohort, women reported more symptoms than men. Thus, atypical symptoms appear to be concurrent to typical presentation with chest pain. In patients with a final diagnosis of ACS, reported symptoms were not significantly different. A history of coronary artery disease and ST-segmentelevation on the first ECG were significantly associated with sex and ACS. Both variables were more frequent in men, which is consistent with the literature. Women more often present with non-ST-segment elevation myocardial infarction or non-occlusive coronary disease when diagnosed with ACS. 28 However, if present, prior coronary artery disease or ST-segment elevation myocardial infarction were much more strongly associated with ACS in women and may clearly help in the early differential diagnosis. Furthermore, there was no significant sex-specific difference in time from onset of symptoms to admission at the emergency department in our cohort. Former studies consistently showed longer time from onset of symptoms to presentation to emergency department for women, [29] [30] [31] whereas in more recent data, the time delay until hospital admission for women with ACS has diminished and may indicate beneficial trends in ACS management in women.
24 Figure 1 . ROC curves for LASSO-generated diagnostic models and hs-TnI. Results are shown for women (A) and men (B). The LASSO (logistic regression) was performed on the two different groups of variables considered. We present results for the parameter 1 standard error of the minimum. ROC (receiver operating characteristic) curves and AUC (area under the curve) estimates were corrected for over optimism using bootstrap (with 500 iterations). The ROC curve and AUC for hs-TnI uses the on-admission value. The decision to discharge a patient where ACS cannot be excluded may result in a life-threatening outcome, while on the other hand, admission in case of atypical chest pain can lead to unnecessary medical treatment and costs. Risk score models may help the physician in making a timely decision in the emergency setting. Patients with an assumed high probability of an ACS should receive their ECG as fast as possible.
Diagnostic Accuracy
The diagnosis of ACS is a staged effort. 32 Regardless of whether we considered information available at "first contact" or after "complete triage," diagnostic models performed similarly in women and men. Our findings are supported by recent data published by Hillinger et al which showed high diagnostic accuracy in women at an early stage of clinical assessment in the emergency department, as well as after complete triage. 33 Although diagnostic accuracy was equal, we observed substantial differences in further work-up of women and men.
Women with ACS were less likely to receive coronary angiography or revascularization therapy. This is consistent with the literature 6, 34 and could be related to the underdiagnosis of ACS in women recently reported by Shah et al. 35 The topic of sex-specific high-sensitivity troponin cutoffs needs to be addressed in future studies.
Outcome
Marked differences in clinical characteristics and therapeutic strategies were not related to outcome in our study. Despite older age, differences in risk factor profile, a history of coronary artery disease and distribution of ST-segment elevation myocardial infarction on admission and distinct therapeutic regimens with fewer coronary interventions in women, we could not show significant differences for hard outcomes in our contemporary cohort over 2 years of follow-up. This contradicts former investigations showing higher mortality in women with ACS compared with men, at least at younger ages 3,34 and might support observations indicating the closing of the mortality gap between women and men over the years. The higher rate of revascularization therapy and cardiac rehospitalization in men might be explained by the higher prevalence of stenotic coronary artery disease as has been demonstrated for multi-vessel disease in men, which may require revascularization therapy more often. 28 This is supported by our results of the SYNTAX Score analyses implicating more severe coronary artery disease in men compared with women with or without ACS. All including centers had standardized CPUs incorporated in their standard of care. The management of patients suggestive of ACS in these highly specialized facilities proofed to be beneficial. 37 The absence of sex-related differences in hard clinical endpoints may indicate an improved management of both women and men in CPUs, reducing the gendergap in diagnosis and treatment of ACS.
Limitations
We cannot exclude a selection bias: inherent in the design of both studies, some individuals with atypical presentation may not have been included in these diagnostic studies. Some less typical symptoms only available in one of the studies were not included in the analysis. There may be slight differences in the adjudication of the final diagnosis because of the use of different, though modern troponin assays: In the stenoCardia study sensitive troponin assays were used, whereas highsensitivity troponin T was measured in the BACC study. To statistically account for differences of the two cohorts a study indicator was forced into the LASSO calculations. Additionally, logistic regression and LASSO variable selection were performed in both cohorts individually, showing that although the risk of ACS was different in both cohorts, variable selection and odds ratios were comparable. Therefore, we assume the possible distortion of results may not have affected our examination of sex differences significantly.
Conclusions
Sex-related differences in clinical presentation of patients with suspected ACS did not affect diagnostic accuracy. Although women with ACS were less likely to undergo coronary angiography or revascularization therapy, there were no differences in 2-year mortality or incidence of myocardial infarction. The implementation of CPU algorithms thus appears to diminish sex-related differences in management and outcomes in ACS.
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Data S1 -Detailed information about the LASSO method
The least absolute shrinkage and selection operator (LASSO) 1 shrinks the coefficients toward zero by imposing a penalty on their size. Some of the estimated coefficients may be exactly zero, so the LASSO also performs variable selection. Shrinking the coefficients may reduce the variance of the predictions, increasing prediction accuracy, at the price of introducing some bias.
More precisely, let = ( 0 , 1 , … , ) be a vector of regression coefficients from a logistic regression model, where 0 is the intercept, and ( ) is the binomial log-likelihood function.
The coefficients in logistic regression are usually estimated by maximizing ( ) (maximum likelihood estimation). The LASSO on the other hand introduces a constraint on the size of the coefficients, which are estimated by maximizing for a fixed > 0 , the quantity
The penalization parameter is a tuning parameter and it is often chosen using cross-validation. The larger is, the more shrinkage will be applied to the coefficients.
For the current analyses we used the LASSO as implemented in the R package glmnet. 2 To choose the penalization parameter the mean deviance was minimized in 10-fold crossvalidation. To achieve a more parsimonious model, that the one that would be obtained using the where the optimum was achieved, the largest within 1 standard error of the former (optimum) was chosen.
Methods that perform shrinkage, like the LASSO, have been shown in simulation studies to perform better than the popularstepwise regression. 3, 4 The latter tends to produce overfitted models, whereas using shrinkage may avoid this problem (for a detailed list of problems with stepwise regression see chapter 4 in Harrell 5 ). Variable importance according to random forest using "first contact" variables. Kaplan-Meier curves for the endpoints death (A), myocardial infarction (B), revascularization (C) and cardiac rehospitalization are presented. The p-values were calculated using the logrank test.
